Abstract. Suggestions have been made for sexing Great Grey Owls Strix nebulosa using body measurements as criterion. Here we present measurement data from a long-term collection of 83 dead owls from western and northern Finland indicating that lengths of forearm, and claws 1, 2 and 4, are superior over traditional measurements of wing, tarsus, bill and body mass in determining sex of Great Grey Owls. Forearm of males ranged 123-148 mm, and was on average 138 mm (n = 31). In comparison, the forearm of females ranged 131-162 mm, with an average of 147 mm (n = 49). Based on a logistic regression analysis, the combination of forearm, second claw and wing length was the best predictor in correct sex determination of 95% of the Great Grey Owl specimens.
INTRODUCTION
Sex determination is an important part of ringing and studying birds, and is often based on plumage dimorphism. Unfortunately, many owl species show no such sexual dimorphism. Although Snowy Owl Bubo scandiacus, Barn Owl Tyto alba, Short-eared Owl Asio flammeus and Northern Long-eared Owl Asio otus show differences in colour patterns between sexes (Mikkola & Lamminmäki 2014) , other species, such as the Great Grey Owl Strix nebulosa, do not. So to date there appears to be no fully reliable non-internal method for determining sex in the Great Grey Owl. Sexing of breeding owls is easy, because usually only the female has distinct brood patches. However, in some owl species, like Barn Owls, males may show small brood patches as well (Mikkola 2013) . Sexing owls outside the breeding season, however, when the females do not have brood patches, would take into account that owls show reversed size dimorphism (RSD), with females being larger than males (e.g. Martínez et al. 2002 , Delgado & Penteriani 2004 . Recently, (Delgado & Penteriani 2004 ) presented a method for sexing the world's largest owl, the European Eagle Owl Bubo bubo, which shows minimal outer sexual dimorphism in plumage.
Due to its late southward expansion, especially in Norway and East Central Europe, the Great Grey Owl has been the subject of increasing research in the last few years (Solheim 2009 , Berg 2010 , Ławicki et al. 2013 . Mass movements during the winter months have increased the ringing of mouse-lured and trapped Great Grey Owls in Europe and also in North America the rest of the data (leave-one group-out method). This process was repeated 100 times, and the results were compared with the known sex of the individuals. True positive (correctly predicted) and false positive samples (falsely predicted) in x-y coordinates give the so-called ROC-curve, which simply means an area below ROCcurve formed by true positive-false positive pairs and diagonal from lower left corner and upper right corner of the diagram. Coordinate pairs close to the upper left corner indicate excellent discrimination of the sexes. The area limited by the ROC-curve and the diagonal is comparable to accuracy of the model by which the sex was determined.
RESULTS AND DISCUSSION
There was a clear size difference between female and male Great Grey Owls, but the weight or wing measurements alone were not enough for sexing them reliably (Table 1) . Most characters have a marked size overlap.
Applying logistic regression in predicting sex of Great Grey Owls showed that the best model included age, length of forearm, wing length, and length of the second claw (Table 2, Figure 1 ). However, two other models were within delta AIC < 2, proving for almost equal discrimination of the sex. Removing or adding variables did not improve the accuracy of the model. AIC values also increased in both cases. Unexpectedly, the model with lowest Akaike value did not perform best in ROC-curve estimation, predicting sex correctly in 92.5% of cases (CI = 85.8-99.1) while the third model predicted sex correctly in 95% of the cases (95%
We first compared the above-mentioned characters of all 83 skins by t-test to select the best ones for further analysis, because not all could be fitted to the logistic regression models we used for finding out the particular measurement or combination of measurements best explaining sex of the Great Grey Owl (see Delgado & Penteriani 2004) . Two reasons for that were: 1) our sample size did not allow for more than six variables to be modelled at one time, and 2) some variables had missing values. Due to the latter, the final sample size decreased to 76 owl specimens, out of which 29 were males and 47 were females. We used general linear model function with binomial distribution for the response variable (male = 0 and female = 1) of stats package in Program R (version 3.3.3). We considered logistic regression better than the traditional discriminate function analysis (DFA), since logistic regression is more robust for multi-normal requirements compared to DFA (see Press & Wilson 1978) . However, both methods are equally valid for sex determination.
We used Akaike Information Criteria (AIC) for model selection. AIC optimizes between complexity and precision among the competing models, and the one with the lowest AIC value is considered the best. However, models with AIC value differing < 2 from the best are considered to be competing, and among these the one with fewest parameters is considered the most parsimonious model (Burnham & Anderson 2002) .
Models were cross-validated by ROC-curve estimation in R using AUC-function of cvAUC -package (Robin et al. 2015) . First, the sample (76 owls) was randomly divided into five groups, in each of which the owls were sexed by the model obtained from Figure 1 ). Reason for this discrepancy may lie in high variance of the weight (CV 37% for females and 32% for males) that disturbs the ROCestimation. High variance in weight is due to both starved and well-conditioned individuals in the sample when females can sometimes be lighter than males. For forearm alone the accuracy was 91.7% (CI = 0.849-0.985, Figure 1 ). Best model based on AIC included also age of birds (juvenile/adult classification). Juvenile birds were generally smaller than adults, especially among the males. Claws were 1 mm shorter in juvenile than in adult males, on average, while in females there were practically no differences between the age classes. Among the 76 owls, the males' forearm ranged 123-148 mm, and was on average 138 mm (n = 31), while the forearm of females ranged 131-162 mm, and was on average 147 mm (n = 49). Forearm measurements had far less overlap than wing length measurements. Only 18 out of 80 specimens (17.5%) were placed in the overlap zone for forearm measurements, Great Grey Owl sex determination while the corresponding figure was 38.5% for wing measurements. Hence, forearm length even alone seems to be a fairly promising single measurement for reliability of sex determination in Great Grey Owls. By applying discriminant function analysis, where 13 measurements of 50 Eagle Owl skins were taken, Delgado and Penteriani (2004) could verify the superiority of forearm length over the wing and tail lengths as a measure to determine sex. Balbontin et al. (2001) have also shown forearm length to be the best sex predictor for the Booted Eagle Hieraaetus pennatus. Ecological and evolutionary significance to explain higher Reversed Sexual Dimorphism (RSD) in forearm rather than wing length is not clear, but could have some connection with the heavier prey and mass of females requiring stronger bone structure in the wings rather than longer feathers (Mikkola & Tornberg 2014 . Since owl and hawk females have higher wing load than males, a relatively stronger pressure focuses on this part of the wing when flying (Sunde et al. 2003) . Figure1. ROC-curve estimates for the three best models for determining sex of the Great Grey Owl, based on measurements of wing length, weight, and forearm and four claw lengths of 76 specimens collected in western and northern Finland 1962 Finland -2004 . Vertical bars denote 95% confidence limits of the ROC-estimate (left panel). ROC-curve formed by true-positive vs false-positive pairs shown in xy-coordinate diagram. Area under curve (AUC) depicts the accuracy of a specific model in predicting the sex correctly (right panel). Graph shows true positive-false positive pairs of 100 simulations and all possible paths that can be drawn via these pairs. Average of the curves limiting the space (AUC) between random results (dotted line) gives the value of the sex discrimination accuracy (95%).
Interestingly, according to our measurements, length of ulna does not show greater sexual dimorphism than any other character. Therefore, relatively longer forearm in females must depend on the size of carpal joint. A special bone os prominens exists in wings of Strigidae and Accipitridae mediating pulling force to forearm when spreading the wing (Bock & McEvey 1969) . It may be one reason for relatively longer forearm in females.
In addition to forearm length, another set of good predictors for sexing the Great Grey Owl was length of claws. We found the second claw to be the best, though the first claw (hallux) separated sex better in pairwise comparisons (Table 1) . This is reasonable, because Mikkola and Tornberg (2015) found a sexual difference in the diet composition of the Great Grey Owls, with females being capable of killing larger prey than males. Birds of prey mostly subdue their prey by piercing them with their sharp claws. Delgado and Penteriani (2004) found similarly the second claw to be the best sex predictor of the European Eagle Owl, but tarsus length, culmen, and bill depth performed equally well in their data. Length of claws may also be applicable to other owls. Sunde et al. (2003) found that among body measures taken from Tawny Owls (Strix aluco), RSD was largest for the diameter of the hind claw. Similarly, Rantamäki and Aaltonen (2015) using a larger material found no overlap in the fourth claw measurements between the sexes in live-trapped Tawny Owls during the breeding season. The hind toe claw was below 16 mm (n = 28) in males, while that of females was over 16 mm (n = 28). Length of the hind claw has been found to separate sex also in Ural Owls (Strix uralensis) it being in males 17.7 mm (n = 18) and in females 20.7 mm (n = 20), on average (Kivelä (2009) . Surprisingly, statistically not so clear difference was found for closely related Great Grey Owl. Smaller prey size in this species could at least partly explain this difference within the Strix species (Mikkola &Tornberg 2015) .
Poor performance of tarsus in determining sex in our data, contrary to findings by Delgado & Penteriani (2004) , may derive from inaccuracies in measuring tarsus during museum preparations, since coefficient of variation for this measurement was fairly high; 7.6-8.0% compared to 2.9-3.7% for wing measurements. Bill depth was in many cases difficult to measure in skins where bill was dried partly open.
In the museum collections there may be some false sexing, particularly in the case of first year birds in autumn, when most dead owls are found (see Mikkola & Tornberg 2014) . During that time of the year temperatures are still well above freezing, so birds easily decay, especially around the intestines where the genitals are situated. Yet, there were exceptional "oversized" males and too small females, which were reliably sexed. Such individuals may have faced ample or restricted nutrition during chick and fledging periods (Monaghan 2008) . As a small mammal specialist, the Great Grey Owl faces abundance of food during peak vole years (Mikkola 1981 , Sulkava & Huhtala 1997 and paucity of food during poor vole years, the latter very often leading to starvation . In spite of this unavoidable overlapping between sexes in the measurements, forearm and claw length measurements seem very promising as the best field method in sexing live Great Grey Owls when ringing outside the breeding season.
